This study aimed to assess the association of demographic conditions, socioeconomic status, clinical variables, and psychosocial factors with the number of filled teeth in adolescents from public schools. This cohort study comprised 1,134 12-year-old adolescents enrolled in public schools in Santa Maria, Brazil, in 2012. They were followed-up in 2014, where 743 individuals were reassessed (follow-up rate of 65.52%) for the number of filled teeth. Data were collected via dental examinations and structured interviews. Demographic and socioeconomic characteristics were collected from parents or legal guardians. The psychosocial factor comprised students' subjective measurement of happiness (Brazilian version of the Subjective Happiness Scale -SHS). Dental examinations were performed to assess the number of filled teeth through decay, missing, and filled teeth index (DMF-T). Unadjusted and adjusted Poisson regression analyses were performed to assess the association between baseline variables and filled teeth at follow-up. The number of filled teeth in 2012 and 2014 were 193 (17.02%) and 235 (31.63%), respectively. The incidence of filled teeth in 2014 was 42 (5.65%). Adolescents with untreated dental caries, those who visited the dentist in the last 6 months, those that exhibited being happier, and those who had filled teeth at baseline were associated with a higher number of filled teeth at follow-up. We conclude that the number of filled teeth in adolescents was influenced by clinical and psychosocial factors, emphasizing the need to focus on oral health policies in individuals with higher disease burden and those who feel psychologically inferior.
Introduction
According to World Health Organization (WHO), 1 adolescence is the period between 10 and 19 years. This transition phase to adult life is characterized by innumerable physical, hormonal, sexual, emotional, and intellectual changes. Therefore, adolescents are exposed to many resources that may influence their transition to adulthood and impact their health and positive experiences. 2 Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
Data from the last national survey conducted in Brazil showed decay, missing teeth, and a filled teeth index (DMF-T) of 2.07 in 12-year-old adolescents with a D-component of 1.21. 3 Additionally, 13 .6% of adolescents between 15 and 19-years had never visited a dentist. The inequality in the access to oral health services also has been described for adults. 4, 5 Individuals who do not regularly receive dental services generally have fewer filled teeth and a higher number of decayed teeth than individuals who visit dentists regularly. 6 Furthermore, adolescents with low socioeconomic status, low mother's education level, and those with extremely poor backgrounds, presented higher levels of dental caries than their counterparts. 7, 8, 9 Therefore, the use of health services can prevent tooth loss due to dental caries through restorative treatment for individuals in disadvantaged social groups. 10 .
Previous studies have shown that untreated dental caries have a negative impact on oral health-related quality of life (OHRQoL) of adolescents. 8, 11, 12, 13, 14 Thus, the American Academy of Pediatric Dentistry (AAPD) recommends restorative treatment in cases of dental caries, where the process of demineralization and progression of the lesion is intense. 15 The restorative treatment can remove cavities, prevent the progression of tooth demineralization, restore tooth structure, and prevent the spread of the infection to the dental pulp. 16 Thus, such dental treatment can reduce oral problems and functional limitations, improving the OHRQoL of adolescents. 17 Previous studies have also found an association between clinical, socioeconomic, demographic, psychosocial factors, and oral conditions in adolescents. 13, 18, 19, 20, 21 However, few studies have explored the factors that influence adolescents to go in for restorative treatment. 9, 22 The few studies that have been conducted focused on evaluating the association between individual and contextual factors regarding the presence of untreated caries and lesions, 9 and the influence of factors on the use of dental services; 22, 23 however, none of these assessed the factors associated with the use of restorative treatment. Further, no study has evaluated the influence of psychosocial factors on the presence of filled teeth. Therefore, the aim of this study is to assess whether demographic conditions, socioeconomic status, clinical variables, and psychosocial factors influence the presence of filled teeth in adolescents. Our conceptual hypothesis is that adolescents with low socioeconomic status, less psychosocial factors, and limited availability of dental services will have fewer filled teeth.
Methodology Design and ethical aspects
This is a cohort study that assessed the oral health status of adolescents in Santa Maria, a city in southern Brazil. In 2012, when the first data collection took place, the city had approximately 261,031 individuals. The study protocol was reviewed and approved by the Committee of Ethics in Research of the Federal University of Santa Maria (CAAE 0127.0.243.000-11). All subjects consented to participate and their parents or guardians signed a written informed consent form.
Sample
A total of 20 schools were randomly selected in a two-stage sampling procedure from a total of 39 public schools, located in 5 administrative regions of the city (north, south, east, west, and center). Classes from those schools were again randomly selected. All 12-years-old adolescents enrolled in the 20 public schools previously selected were eligible (except those with any degree of mental or physical disability) and invited to participate. A total of 1,134 students were evaluated in 2012.
The estimated sample size was calculated by proportion of restoration between adolescents (47%) with odds ratio of 1.74 (p = 0.00), 24 95% confidence interval), 80% power statistic, proportion 2:1 (exposed: non-exposed), and additional 30% of losses. The minimum sample size was identified as 662 participants. This study was part of a major data collection; therefore, the number of individuals assessed is larger than the minimum required sample size. 18, 21, 25 Data collection Data were collected via dental examinations and structured interviews conducted between March and October 2012 by four examiners and three interviewers in the selected schools. The feasibility of the questionnaire was verified by administering the questionnaire again to 10% of the adolescents in the sample. The examiners were trained and calibrated to assess clinical variables in a 36 hour program that included theory-based activities and a trial examination of 20 adolescents. These adolescents were examined twice by the same examiner with an interval of two weeks. A Gold Standard led the process of training and calibration of the examiner. The examiners used a plain mouth mirror, gauze, and probe in a classroom with natural light, according to the international criteria standardized by WHO for oral health surveys. 26 The DMF-T index was used to gather data on untreated dental caries and filled permanent teeth. The participants of the study that presented a need for dental treatment were referred to the dental clinic of Federal University of Santa Maria.
Demographic and socioeconomic characteristics were collected from parents or legal guardians using a structured questionnaire. The same questionnaire was used in a previous study 27 and includes information on gender, skin color, fathers' educational level, household income, and oral service use. Skin color was recorded as per the Brazilian Institute of Geography and Statistics (white, black, mixed, or other) and the answers were dichotomized as "white" or "nonwhite". 28 Fathers' educational level was divided into two levels: high (fathers who had completed eight years of formal instruction) and low education level (those that had less than eight years of formal instruction). Household income was measured based on the average monthly income of all individuals living in the adolescent's house; and later analyzed by median. The values approximately corresponded to US 450 dollars (R$ 1,000) during the period of data collection. The visit to the dentist was recorded by the question "Has your child visited a dentist in the last 6 months?", and the possible answers were "yes" or "no". When the parents said children had already visited the dentist, they were asked the reason of the last appointment. The possible answers were: "toothache", "mouth pain", "dental trauma", "exam and routine" or "others". The responses were recorded as "checkup" to answers of exam and routine and "toothache" for the others. Parents' perception about children's oral health was recorded with the question: "Would you say that your child's oral health is___" and the possible answers were "Excellent," "good," "fair," and "poor." The responses were categorized as "excellent/good" or "fair/poor".
Subjective happiness measured in this study was collected by the Brazilian version of the Subjective Happiness Scale 29, 30 . This scale involves four items regarding positive and negative aspects, encompassing whether the person seems happy or unhappy. The adolescents answered the questions: a) "In general, I consider myself…", b) "Compared to most of my friends, I consider myself…", c) "Some people are usually very happy. They enjoy life, no matter what. How does this phrase look like to you?", and d) "Some people are usually not very happy. Although they are not sad, they never seem to be as happy as they could be. How does this phrase look like to you?" Responses ranged from 0 to 7; the higher the values, the happier the person.
The second phase of data collection was performed between October 2014 and June 2015. All the adolescents who participated in phase one were invited and their parents and guardians consented to their participation. A total of 743 adolescents participated in the second data collection considering the outcome of this study, resulting in a follow-up rate of 65.52%. The students were approached by reaching out to the schools. Phone calls were made when it was not possible to reach the adolescent. The same variables under the same methodological protocol as phase one were gathered again. The outcome of the second phase was the number of filled teeth assessed in 2014 through the F-component of the DMF-T index.
Statistical analyses
Data were analyzed using the software STATA 14.0 (Stata Corporation, College Station, TX, USA). Descriptive analyses were performed to provide information about demographic, socioeconomic, clinical, and psychosocial characters of the sample at baseline and at follow up. The differences between the participants and non-participants were evaluated by the Chi-square test and sensitivity analysis using the Monte Carlo simulation.
Filled teeth were summarized by the mean and standard deviation (SD). The outcome of this study was the number of filled teeth (corresponding 'F' component of the DMF-T index) assessed in 2014. Teeth that presented restorations of composite, amalgam, or glass ionomer cement were considered as filled.
Unadjusted and adjusted Poisson regression models were performed to assess the association between predictors' factors at baseline with filled teeth at follow up. In the unadjusted analysis, variables with p-value < 0.20 were included in the adjusted model. Household income was maintained in the final model regardless of the statistical significance, considering theoretical questions.
The Ratio Rate was used to measure the degree of association, which corresponds to the ratio of the arithmetic mean of filled teeth between exposed/unexposed groups according to different predictors. In the adjusted analysis, associations were considered with 95% confidence interval and p value < 0.05. The bootstrap method was also used to estimate the standard errors as well as the CI of the estimated effects. For this estimation, we used 500 resamples of size 10,000.
Results
A total of 1,134 adolescents participated in the baseline, with a mean age of 11.94 (SD: 0.65) years. A total of 743 were re-evaluated in 2014 (follow-up rate of 65.52%). The mean age of the sample at follow up was 14.33 (SD: 0.69) years. Reasons for non-participation were mainly refusal to take part in the study or that the participants could not be found. In 2012, the kappa values for inter-and intra-examiner agreement for clinical variables varied between 0.77 to 0.82 and 0.79 to 0.85, respectively. In 2014, the values varied between 0.81 to 0.90 and 0.81 to 0.87, respectively.
Demographic, socioeconomic, clinical, and psychosocial data of the participants are presented in Table 1 . The majority of the participants were females, white, had fathers who had finished elementary school, and had a household income ≥1,000 Brazilian Reais. Approximately half of the sample had not visited the dentist in the last 6 months and for most of them (73.81%), their last dental checkup was at baseline. In the follow-up, 45.47% of the participants had visited the dentist in the last 6 months. The prevalence of untreated dental caries at baseline was 42,06%. The mean scores on the Subjective Happiness Scale (SHS) was 5.23 (SD: 0.90). The number of filled teeth in 2012 and 2014 was 193 (17.02%; mean=0.26; SD: 0.66) and 235 (31.63%; mean=0.25; SD: 0.62). Comparing the participants with the non-participants at baseline and at follow up (Table 1) , there were no statistical differences for sex (p = 0.28), skin color (p = 0.48), father's education (p = 0.36), household income (p = 0.22), dentist visit (p = 0.09), reason for visit (p = 0.35), parents' perception (p = 0.67), subjective happiness scale score (0.59), and filled teeth (p = 0.64). There was a difference in the variable untreated dental caries (p = 0.04). However, we performed a sensitivity analysis using the Monte Carlo simulation and we verified that this difference did not influence our results. Table 2 presents the results of the Poisson regression analysis between baseline variables and number of filled teeth at follow-up. According to an unadjusted analysis, sex, skin color, age, fathers' education, dentist visit, reason for visit, untreated dental caries, parent's perception of adolescents' oral health, subjective happiness, and number of filled teeth at baseline were associated to number of filled teeth at follow-up (p < 0.05).
In the adjusted Poisson regression analysis, dentist visit, untreated dental caries, happiness, and number of filled teeth at baseline was associated with the number of filled teeth at follow up. Adolescents who did not visit the dentist in the last 6 months showed a lower mean of filled teeth (RR = 0.75; 95%CI 0.58-0.96). Individuals with untreated dental caries showed a 2.43 times higher mean of filled teeth (RR = 2.43.; 95%CI 1.88-3.15) than those who had untreated dental caries. Adolescents who felt happier showed a lesser number of filled teeth (RR = 0.84; 95%CI 0.73-0.96) when compared with their counterparts; those with filled teeth at baseline had a higher number of filled teeth at follow-up (RR = 1.93; 95%CI 1.69-2.20) (Table 2 ).
Discussion
This cohort study aimed to evaluate the influence of demographic conditions, socioeconomic status, clinical variables, and psychosocial factors on the number of filled teeth of 14-years-old adolescents. Our results suggest that restorative treatment was influenced by clinical variables and psychosocial factors. Adolescents who had untreated dental caries and filled teeth at baseline presented higher number of filled teeth at follow up. In addition, those who did not visit the dentist regularly and who felt happier during the baseline showed less number of filled teeth at follow up.
The presence of untreated dental caries was associated with a higher number of filled teeth in adolescents at follow-up interviews. Infrequently, oral health services during childhood may result in an accumulation of dental needs throughout life. 31 It was found that individuals present a higher incidence of caries lesions, owing to which they seek treatment to manage the pain. 31 Andersen proposed a model to understand the contextual and individual factors that influence the use of health services. 32 According to the model, there are predisposing factors that exist before the illness, enabling factors that enable the provision of seeking treatment, and need factors based on clinical evaluation and/or self-evaluation according to the need for treatment. 32 Adolescents and young adults, even if they are not aware of their dental conditions and the need for treatment, had a higher number of untreated teeth. 33 Furthermore, children with untreated carious lesions are most likely to seek dental care 23 and search for restorative treatment. Our results are in accordance with Andersen's model, which reports the influence of the need factor in the search for the health service, indicating that adolescents would seek treatment through self-perception, and usually because of painful symptomatology. 32 The presence of filled teeth at baseline was associated with a higher number of filled teeth at follow up. We have included the number of filled teeth at baseline in the model so as to carry out a longitudinal study. The presence of carious lesions is the best predictor of future lesions of dental caries 34 and it has been shown that individuals with high risk for caries were more likely to receive restorative treatment. 24 This may further confirm the repetitive restorative process, and the cumulative effect of caries. It also shows that the restorative treatment itself does not reduce disease burden; thus, highlighting the importance of integral care and preventive behaviors.
This study showed that adolescents who did not visit the dentist at baseline presented a lower number of filled teeth at the follow up. This finding is in accordance with another study that demonstrated that adolescents who did not visit the dentist regularly had a higher likelihood of having untreated teeth. 35 Not visit the dentist generally leads to the non-realization of the restorative treatment, whereas adolescents who had not used dental health services do not have access to any interventions. 33 Incipient lesions can be diagnosed in preventive dental visits; it is also possible to encourage healthy oral habits and health education through such visits. 6, 15 Therefore, individuals who do not visit the dentist regularly are less exposed to oral health advice. They are more likely to visit the dentist in the advanced stages of caries lesions, limiting the accomplishment of the restorative treatment. 6, 10 Additionally, there is no public program for adolescents' oral health in Santa Maria; consequently, these individuals are neglected from getting advice and specific dental assistance, leading to an accumulation of oral health needs and risk behaviors. Household income and father's education was not associated with the outcome at follow up. Socioeconomic status is a variable that can be understood as a predisposing or enabling factor for the use of dental care. 36 In general, adolescents with a lower socioeconomic status, visit the dentist less and commonly have less preventive appointments. 6, 35, 36 However, the use of dental services does not depend exclusively on the existence of the service itself; it is influenced by factors related to the adolescent's life, such as psychosocial factors. 10 In such a case, the materialist theory does not influence the number of filled teeth during adolescence. Adolescents reported being happier, presented higher scores in the Subjective Happiness Scale, exhibited lower number of filled teeth at the follow up. Emotional factors have a wide effect in adolescents' oral health behavior. 21, 37 Health behaviors are influenced by psychological factors. Individuals with worse levels of self-perception and self-esteem tend to have more risk behaviors, opting for unhealthy choices, 21,38 being exposed to diseases and avoiding dental treatments Furthermore, the association between psychological factors and the use of dental services has already been reported in cross-sectional studies. 21, 23, 39 Adolescents with positive self-perception are more likely to make frequent visits to the dentist than those with poorer self-perception. 23, 39 Consequently, in these visits, it is possible to identify preliminary carious lesions, promote and acknowledge healthy oral habits, and ensure more conservative treatment. 6 The practice of healthy health behaviors is positively influenced by the happiness status; 21 thus, adolescents who feel happier are more motivated to improve their oral health conditions. Therefore, psychosocial factors are directly related to the use of dental services; especially to restorative treatment. 23 As health professionals, dentists should pay attention at their patients' psychological well-being because it influences their treatment and behaviors. It is important that the professional act on psychological factors in order to seek integral care. 15 In addition, we highlight the need of public health programs in favor of improving not only oral health behaviors but also psychological factors in this age group.
Our results should be interpreted with caution as this study has some limitations. Our sample comprised only public school students; however, this cannot be considered a bias since approximately 85% of the adolescents in Santa Maria study in public schools. Moreover, we assessed only one psychosocial variable; future studies should verify other variables such as fear, anxiety, and depression, and also examine their influence on the presence of filled teeth.
This study is important because it shows that exposure to restorative treatment is influenced not only by clinical factors. It also indicates the need for strategies that encourage dental care in adolescents with a higher disease burden and those who feel psychologically inferior in terms of happiness. Such strategies should encourage adolescents to go in for routine consultations, where it is possible to introduce healthy habits, and prevent the progression of the disease though restorative treatment. This in turn helps in avoiding invasive treatment (e.g. endodontic treatment and tooth extraction). The findings also emphasize the need for interventions to stimulate better self-perception and self-esteem in adolescents, aiming to promote health, since our study demonstrated that psychosocial factors influence adolescents to use restorative treatment. Finally, we highlight the need for interventional studies to improve psychosocial factors in this age group.
Conclusion
The number of filled teeth was influenced by clinical variables and psychosocial factors. Restorative treatment is a conservative and effective intervention, which can resolve oral problems among adolescents. Additionally, the findings highlight the importance encouraging adolescents to seek dental treatment, when necessary.
